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A wind-tunnelinsnxtigationwan made of the effectof spin, .
spanwisekxation, and ohordwiselocationof spoilerson the
lateralcontrolcharacteristics.of an unflqpciisemisp~ W@
equippedwith a simplespoilerhavinga projection5 percentof
the chord. IrIdatemini~ the effectof spoilerspanand qmwise
location,the qoiler was mountedat the 7Ckpe?ment+hordstation
with the spoilerspan inoreasingfrom 10 percentof the semispan
to 100 percentof the semispan. The chordwiseinvestigation
involvedmovinga 50-peroenKamispan spoilerfrcanthe *pe133ent-
chordstationto the @pero en-hcrq’dstation.

Curvesare”presentedshmhg the variationof rol~ng-mcment
and yawing-mcment,effectivenesswith spoilerspan. The results
indicatedthat the variationof ro123~n-t effeotiveneeswith
spoilerspan showeda trendsimilarto that of aileronsfor a
geometrtcaUysimilarwing. This @mLlari& suggeststhe possibili~
of employingailerondosi~ data in the preliminarydesignof
spoiler9at low agles of attack. For a more exactestimationof
the spoilerrolling~omentexpeotedat largeaz@es of atte.ok,
howmer, oonside.rstionshouldbe gLyen to the changein effectiveness
with an@e of .attmk. The f3panWis9yati~cment effemotivenessfor
aileronsand ~po3.lei%showedthe ssme trendwtth spanx?’i.selocation;
but kcause the spoilersgave favorableyawingmcments,*e spoiler
data tl~faredin sign frcm the aile~n da+a, When the 5Gpem ent-
semispaaspoilerwas moved rearwardfrom the >peroent+ohord station

. to the &-~eroentihomi stattonon the udlapped w@, both the
rolliqment and yawi~oment ooef.t’icientswere reduoedt

INTR@UCTION
,.

The use of spoilerses lateral+ontrqldeviceshas longteen
a subjectof reseamh for the NationalAdvisoq Committee”for
Aeronautics.Sane notablemeritsof spoilers,suchas controlat
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high anglesof attack,favorableyawingmoments,and the practicable
use of full-spanflapswith spoilerarrangements,havebeen known
for acmetime. In addition,it has been foundthat spoilers
generallyprovidegreaterrollingmomentswhan full-spanflapsare
deflected,particularlywhen the spoilermovesthro~h an opening
(spoilerslot)in the wing. Theseand otheraerodynamiccharacter-
isticsof spoilers,suchas spoilerlag, havebeen studiedand
presentedin numerouspapers. (Seereferences1 to 5.) Severalflight
investigationshavebeen made to illustratethe practicabilityof
employingGpoilerson airplanesequippedwith full-spanflaps in
orderto securelateraloontrol..(Seereferences6 to 8.) An investi-
gationreportedin reference9 suggeststhe use of spoilersin front
of ordinaryaileronsin orderto increasethe rollingmomentsand to
decreasethe ailercmhingemomentsin high-speedflight.

The presentinvestigationwas made in the Langley300MPH
~-by l(hfoottunnelto ascertainthe effectof sFanwiseand
chordwiselocationof spoilerson spoilereffectiveness.An attempt
is made to determinewhetherpresentailerondesigndata (suchas
foundin reference5) can be used to deei.gnspoile~typeailerons.
Testswere made with a semispanwing of a 50-percent-se?nispan
spoilervaryingin positionfrgm the ~percen~hord stationto
the 80-percent-chordstation,whereaeothertests includedspoilers
mountedat the ?G=percent--chordstationwith the spoilerspan
increasingfrom 10 percentof the semisyanto lW yercentof the
semispanIn 1(1-percentincrements.Additionaltestswere made to
studythe effectof gapsbetweenspoilerEb@nents.

MODELAND APPARATUS

The semispanwing was mountedin the Langley300 MPH 7- hy M&foot
tunnel as a reflectio~planemodel,that is, with its root chord
adjacentto one of the tunnelwalls (fig.1). The wing was supported
entirelyby two strutswhich,in turnj were mountedon the ttiel ‘-”
balancesystem. Therewas a gap of approximately1/16 inchbetween
the tunnelwall and the root end of the model,

The mmispan wingmodelwqs built,tothe dimensionsshownin
figure2 and had anNACA 442o airfoilsectionet tha root and an
NACA 4410 airfoilsectionat the tip, The spoilerswere of triangular
crosssectionand were mountedon the wing as shownin figure2
with the frontface of the spoilersapproximatelynormalto the a

wing surface, The heightof all the 6poilersmeasured5 percentof
the airfoilohord,and the spoj.lerswere cut into segments10 percent
of the model semispan.

.
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TESTS

3

Most of the testswere run at a dynemicpressureof 99 younds
per squarefoot,which correspondsto a velooityof about227 miles
per hour or a Mach numberof 0,27 under standard sea-level condit ens.

This velocitycorrespondsto aReynolde nuniberof about 2.69x 10i
based on a mean aerodynamicchordof 1.604feet. Additionaltests
were made withMach numbersran@ng from 0.13 tQ 0.39, GOrr&3POIdiW

to Reynoldsnumbersof 1.40X 106 to 3.74 X 106, respectively.

The anglesof attackfor all testsrangedfrom about -6° to the
stall. In the spanwiseinvestigation,three systemsof testfngwere
emyloyedwith the spoilermountedat the 70-percent-ohordstation.
me firdt systeminvo~.vedincreasingthe spoilerspan in lo-perCeIYb

increwnts xlth the cmtboatiend of the spoilerfixedat the wing
:ipe FOT Slmplicit~, these spoilersare hereinafterreferredto as

outhoar;. spoilevs, The secondsysteminvolvedthe sameprocess;
however,the Inboardend of the spoilerwas fixedat the wing root.
These spoilersare referredto as “inboardspoilers.” In the third
syfitan,ceveralisolatedspoilerspanswere tested (somewith large
@pa hetv:enspoilersegments)and are referredto as “isolated
spoilers. Completedata are not presentedhereinfor the inboard
and isolatedspoilers:hut referencewill he mde.to the rolling-
nmmentdata for thesetwo typesof spoilers.

For the chordwiseinvestigationa ~0.percent-semispanoutboard
spotlerwas used and testedat the ~., 60., 65., 70., 75-,and
80-percent-chordstations.

Some additionaltestswere nmde wtth the ~-peroent-semispan
outboardspoilermountedat the 70-percent-chordstation. These
testsinvolvedcuttingthe spoilerinto five equalparts in order
to pro~i~egaps of 0.14-

$
0.54-, and 1.~8-percentsemispanbetween

spoilersegments(fig.2 .

SYMBOLSAND CORRECTIONS

% (lift coefficientA
)

where L“ is twi’celift of semlspanmodel
qs

%
0

D .
drag coefficient

~

cm (pitching-momentcoefficient ~where M is twicepitching

)

qsz
momentof semispanmdel
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C2

Cn

E

c

Y

s

b

II

L

a

Q

A.

a,

()rouln@mlerlt coefficient~
@b

()yawingafmentcoefficient~
\qSb

wing meanaerodynamicchord (M.A.C.), feet

‘\= do /

local wing chnxi,feet

distancefromp@_M of symmetg, feet

twiceszea”ofsemispanlno~el,squarefeet

twicespan of semispanmodel,feet

twiceti%gof semispanmcdel.,punds

rollingmomentdue to spoilermeasuredaboutwind axis in
planeof symmdzy, footpound~

yawingmcmentdue to spoilerrceasurodaboutwind axis in
plane of syumetry,footpounds

angleof attackwith respeotto ohordline,degrees

()free-streamdynamiapressure,poundsper squarefoot ~2

free-streamveloc~ty,feetper second

-S densityof air, t31u&ls~r cubic foot_

aspectratio

taperratio

(—

!%@ chord

Root Ohord )

controldefleotion,degrees

ohangein effm tive angleof attackcausedby control
deflection;ailenm effemotivenessfactor

changein effectiveangleof attack,degrees

.

.
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M lkch number

5
. .

R Reynoldsnum%er
c1

--- ——
—-.

xi
rolling-momentcoefficientdue to a mit changein effective‘

angleof attackover part of wing span occupiedby control
surface;rolling-momenteffectivene~sparemeter

~
yawing-momentcoefficientdv,eto a unit chengein effective

AZ: angleo.fattackover part of wing spanoccupiedby control-
surface;ya.wimq-mouenteffectivenessparemeter

The force8wdmments. ~~e.pnsentpda%outthe winii&es with
the originat the 30-percent@int oflthe root chordon therchord
@ne. ..,.

The rolling-momentand yaw?.n~-mo~ntcoefficientsHpresent the
aeroilyqsmic.momentson a completew,inqdue to the deflectionof ~fie
spoileron one semispazz.@rig. The lift,drag,and pitching-moment
coefficients,repreaentthe aerodynamiceffectsthq:.occuron the
completewing as a resultof the deflectionof the spoilerson both
Semispanwings. -.

Jet-boundarycorrectionswere appliod%o the test data”wtththe
use of reterence10. ‘Thgeffectsof the jet boundariesbecinne
magnifiedfor model confi.grcre,tionshaving,spoilerspansnear the
reflectionplsne. ,Blockagecorrectionswere’also appliedto thet6st
data h;-methodsof referenceIl. The data we~ not ccrrectedfor
the tare tendinterferenceeffectsof the model supportsystim...

DISCUSSION

,Plain+irigCharacter~stics ,“. -—

Lift,drag,snd,pitching-momentcharacteris~icsbf the plain
wing axe presentedin figure3. The valueof’thelift-cuzve
sloye d%/dU (O@3) agreedvery well with the theoretical_ _ -
value (0.090)for a wing of the sae aspectratioas that of the
presentwingti (Seereference12.)

sptiwis~Investigation ,...,____ ___,,

Characteristicsof outboardspoiler~.-Resultsof the outboad-
spoilerinvestiflation(fig. indicatedthat increasingthe spoiler
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span increasedthe rolli~~nt coef’fioients,forspoilerspansup
to 0.~b/2 at anglesof attackof about0° and indicatedthat these
incrementsin rolling-mcmentCoefficientdecreasedwith the larger
spoilerspans. The rolktngmcxnentproduoedby a given spoiler
remainedfairlyconstantovera largepart of the angle-of+a~tack
rangebut beganto decrease at an angle of attackof about 6 , at
which point,flowseparationis beltevedto occur. Beyondthat
point$ the rollingmcmentproduoedby a givenspoilerspanwas
greatlydiminished.

The yawing--mmentcoefficientsproducedby the”spoilerswere
favomble (havingthe same signas the rollhqyamnent coeffloienta)
and increasedwith spoilerspan, As theangle of attackincreased,
however,the yawingmcmmts approachedzerofor all cases.

As indicatedin reference2 for r~arwardspoilerlocations,the
presenceof spoilersproducesstalling-nts. Figure4 indioates
that the stability(as indicatedby the slopeof the pitchi~cment-
coeffioientcurveagainstangle of’attack)increasedas larger
spoilerspanswere used.

Drag was foundto vary linearlywith spoilers=. This variation
was also generallytrue of the pit~hi~oment and lift coefficients.
Figure4 also indicatesthat the effeotof spoilerson pitchingmcment
and drag decreasesas the angle of attack increases.

Variationof spoilere~i??ctivenesswith~anwise location.-In.—
orderto detezminethe possibilityof prep~ing onedesign =H of
spoilereffectivenessfor variousspanwiselocationsfrca data
obtainedby the three systemsof testingspoilersemployedin the
present investigation,the rolling-mmentcoefficientsfor given
spoilerspanwiselocationsas calculatedfrom the data for spoilers
extendinginboardfrcmthe tip (outboardspoilers)are comparod
in figure~with the measuredrolli~aent mefficients of spoilers
extendingoutboard from the root (inboard spoilers)or mountedin
isolatedlocationsalongthe span (isloatedspoilers).The rolling
momontscalculatedfrom the outboard-spoilerdatawere obtainedby
intoreubtractionof the rollin&momenGooefficlentdata of
fm the spoilerspanand spaawiselocationconcerned.The
figure 5 showrathercloseagreementbetweenthe valuesof

obtainedfrom inboardand isolatedspoilersand the values

calculatedf’ra outboard~poilerdata fw the EMD@ spoiler

figure-4
dfrta of
cl
of cl
location

SUd indicatethat the rollingeffectivenessfor variousspoiler
spanxwhelooatlonsmay be ccmputedfrom one designchart.

Such a designchartshow~ngthe variationof rolling-mment
effectivenessparameterand yawing-momenteffectivenessparameter
C2/Aa @ Cn/&, respectively,with spoilerspan and spanwise
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locatipnis presentedin tigure6. The rolli~ffectiveness curves
were obtainedfra both the inboard-spcilerand the outboard-spoiler
data,whereasthe yawing-effectivenesscurveswere olhainedonly
from the outboard-spoilerdata. The data for spoilersof any span
are ccmputedby the followi~ equations;

cl
—=
Aa

Cn
—=
Au

()c1 “(
c%

)partial-spanspoiler

G fuU-span spoiler
c~
full-spanspoiler

(A)Cn ( )C>rtial-snan spoiler— -—— -
a full-spanspoiler %ull--span spoiler

The curvesof figure6 show the rolli~oment and yawing-
rncmentcoefficientsproducedby a unit changeof angle of attack
over the part of the wi~ spannedby the epoiler. Althoughthe
curveeshowthat Cz~h increaseseomew-hatwith angleof’attack

for a given spoilerspanand pro~ection,the changein effective
angle of attack & evera givenGpoi.lerspan~roducedby a
spoilerdependson the wing angle of attkckso that the final
rolling+nomentcoefficientmay beccmelessas a increases. In
the presentinvestigationAa was foundto decreaseas a increased.
The yawingauxnentcoefficientsare seento decreasewith an increase
in angleof attack,which tends to make the yawingmment less
favorable.

Comparisonof effectivenessparameters Cz/AcLand C~&L

betweenspoilersand aileronsfor variousspanwiselocations.-The
effectivenessparameters Cz/Aa and—~Aa of a wing equippedwith
ailerons(reference5) and ~avin.gthe same gecxzmtriccharacterist~cs
as the presentwing are comparedin figure7 with the effectiveness
parametersobtainedwith spoilersin the presentinvestigation,

The rolling-effectivenesscurvesfor both the aileronsand the
spoilersshowthe sametrendwith spanwiselocationbut differ
slightlyin magnitude. It shouldbe notedthat the aileronrolling
effectivenessparametersare theoretical,and the discrepancyshown
in figure7 betweenspoilerand aileronrollingeffectivenessparameters
is no greaterthan that shownin reference5 betweene~eri.mentaland
theoreticalailerondata, Inasmuchas the valuesof C!z/& overthe
span of a wing shouldbe independentof the type of controlsurface
inducingthe changein effectiveangle of attackand, hence,the
roll, it is believedthat conventional-ailerondesigndata can be
used for preliminarydesignof spoilen+pe aileronsprovidedthe
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wing angle of attackis small. For a more exactestimationof the
rollin&manentooeffioientexpectedat largeanglesof attack,
however,the presentspoilerdata shouldbe used for a wing having

.

the sameplan form or considerationshouldbe givento the effect
of a on Cz/@ for otherwing plan forms. As previouslyindicatecl,

the spoilersprovidedfavorableyawingmcments,whereasailerms
provideunfavorableyawfngmcments;therefore,the curvesof C#Aa
for the two typesof oontroldifferin si~but showthe sametrend
with spanwisecontrollooation. In addition,the spoileryawiw
mcmentdatarepresentthe totalyawingmomentproducedby spoilers,
whereasthe aileronyawing-m~nt datarepresentonlythe induced
yawingmc%nentproducedby ailerons. (Seereference5.)

In calculatingthe rolling+cxnentor yawi~oment Coefficients
of wingswith aileronsby means of the aforementioneduhartsof
Cl/, and Cn/iW, the aileroneffectivenessfactor b/A6
multipliedby the control&eflection El is utlizedto obtainthe
changein effectiveangle of attack ~ and, thenoe,the values
of ,Cz and Cn. Spoilerdesigndata cannotemploythis simple
methcdof obtainingAu, however,sincethe data of reference8
and of otherinvestigationsappearto indicatethat LW for
spoilersis a ccmplexf’unctionof the wing angleof attack,the
spoilerprojection,the wing--spoilerconfigurationemployed.,and
tha chordwisespoilerlocation. Therefore,valuesof b as a
functionof spoilerprojectionfor the particularwing--spoiler
cabination consideredshouldbe obtainedfrcansectiondata for a
similarconfigurationin orderto ellminatethree-dimensional
aerodynamiceffects.

~ffua~ betweenspoiler,s~~ents..!lhepresenoeof a gap
betweenspoiler&egmentsapparentlyha~~~effect 6iil.yon the rolll,ng-
mcmentcoefficientsand the drag coefficients(fig.6). Gaps of less
than 0.00~b/2 producedno noticeableeffeoton the rollingmcxnents,
whereasthe largestgap decreasedthe rollingmczuentaboutk$ percent

overmost of the rangeof a. This 10s6 in rollingmcmentis about
1/2 as muchas wouldhavebeen prediotedfrcm figure6.

ChordwiseInvestigation

Aerodynamicoharacteristics.-‘Resultsof @e chordwiseinveatl-
gationof spoilersare presentedin fl&ure9. A rearwanlmovement
of spoilerlocationon ~he wing produc~dldge decreasesin the
availablerollingmment. The rate of decreaseof rollingmcment
with rearwards~iftof spoilerlooationohangedthroughoutthe
angb-of+ttack rangeso that the rein- rate oc@crred.at the most
negativeangleof attack,whereasthe maximwnr@e occurredat the
largestangle of attacktested. IWmay be notedthat at the most

.

,

.
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forward Uxwbion cl ina’e~sedwith angleof attackoverpart of

the ranged CL, whereasat themostrearwardlocationthere is

a continuousdecreasein Cz with increasein angle of attack.

This beneficialetfeaton the rollingmomentresultingfrom
movingthe spoilerf~ on the wing is also accompaniedby the
adverseeffectof increasedlag in the rollhg responseof the w@3. “
Previousresults(reference13) Indicate that spoilersI,ooatedbehind
the 60-percen&-chordstationhave negligiblelag,but the lag increases
as the spoileris moved fomard and woaildbgccmascmawhatobjectionable
for spoilerlocationsas far fomard ae the ~ercen~hord station.

Movementof the spoilerrearward(ffg.9) deoreasedthe favcmble
yawi~cment c~fficients a3mostlinearly. In addition,the YsWing-
xnomantceefflcientsincmeaOedpositl~ely(becameless favorable)
with increasein angls of attack. ,.

Linear increments in drag coefficientresultedfrcmmovingthe
spoilerlocationchordwise. The pitching+mcmentccefficienisbecame
more pesitiveas the spoilerlocationwas movedreamard. “

Ccqmrison of availableyawing-mcmentand rolM~ nt data
for various-wise locationsbf sgoilem.The rolMn&moment and
yawing+maentdab-fro variouschordwise-~oilerlocationsobtained
from ~eference2 are comparedin fi~e 10-withsixailardata obtained

. frau the presentinvestigation.Sincethe data of referbnce2 are
uncorrectedand were obtainedfor a winghnder differentconditions
than th~e for the presentwing, the figureis intendedto reveal
the qualitativecharacterlsttcsof the two wings.

The same generalcharacteristicsfor tb two wings are indioa%ed
as follows: As the spoilerwas moved.forward,the favorableyawing
mauen%?aacemagreaterfor both the”hw and high angle of a%tackand
the rollingmcmantbecamegreaterfor the largeangle of attack.
No foz’w9rdchordwiselocatioa,however,was reachedin the present
investigationwhere a decreasein rollingmcmentoccurredfor the
low angle of attackas tndicatedfor the ~oiler at the 0.300 station
in reference 2. As indicatedin referenee2 and shownin figure10,
the rollingmcmantincreasedat the $%&wardlocationwith increase
in angleof attack.

.

Scd.e effect.-F@&es U(a) to U(c) SMXVthe effectof the
variationof Remolds numberand Mach ~ber on the roXLin&mcment
and yawin&U#n@ omff’ioientsfor threechordwisespoilerlccatiotis

[
@.@c, 0.70c,and O.&c). For the MwMach numberrange covered
0.13 to 0.39),no perceptibleeffectwas producedon the yawing

mcmantfi;however,therewas a smallinconsistentvariationof ro~li%
momentwith Mach nmber in all three locations.
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CONCLUSIONS

Wind-tunnelresultsof a spanwiseand
of plain spoilersof O.O~hord pro~ection
flapsled to the followingconclusions:

chordwiseinvestigation
on a semispanwing without

1. The spanwiserolling+ucmenteffectivenessobtainedfrcm
spoilersshoweda trend similarto that of ailerons for Q gem~trfcall.y
similar wing. This similaritysuggeststhe possibilityof employing
ailerondesigndata in the preliminarydesignof spoilersat low angl~~
of attack. For a more exactestimationof the spoilerrollingmoment
expectedat largeanglesof attack,however,considerationshouldbe
givento the changein effectivenesswith angleof attack.

2. The spanwiseyawing-m~nt effectivenessfor aileronsand
spoilersshowedthe sametrendwith spanwiselocation;but because
the spoilersgave favorableyawingmcxnentm-thespoilerdata differed
in signfrcm the aileron data.

3. When the ~percent-semispan spoilerwas movedrea=rd frcm
the >percent-chord stationto the 80-permnt-chordstationon the
unflappedwing,both the rolling+mmentand yawing-momentcoefficients
were reduced. .-

4. Variationof the Mach numberbetweenO.13 and 0,39 produced
no perceptibleeffecton the yawing--momentcoefficientsbut produced
a smallinconsistentvariationof the rolling-+mnentcoefficients.

LangleyMemorialAeronauticalLaboratory
NationalAdvisoryCcmmdtteefor Aeronautics

LangleyField,Vs., March 18, 1947
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Figure”i.- Generslsetupofqmiler mounted on semispan-
wing model.
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MODEL CHARACTERISTICS

Area..--. -.. --.-. -.-----l~.W +t

Span . . . . 3--.-...----_-_--.--7.8 +%

A~ect rutio (compleb win+ 10.4
Taper ratio-------------- 0~446 Spoiler heiqht, 5 pnrcent of chord (.05c)

M.A.c---. -------–--–.---I.6O4 4+

~Chor~

~A, ,+420 airfoil Typical section I

. -1.-2.10
4 C14S0

I

-
‘ qo:

Chord plane _ b’

“1

Figure2.- Diagram ofmodel used inspoilerinves’hgatiomTy@cal spoilerinslkillstion
(50-percentsemispan spiler). Alldimensionswe inWhes.

I
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Figure 3.- Aerodynamic characteristics of the plain wing. M = 0.27;

R= 2.69 x 106.
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Figure 4.- Variation of aerodynamic characteristics with Spocfier span

Outboard spoilers; M = 0.27; R = Z-69 x 10UO
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Figure 11. - Scale effect on roll and yaw characteristics. Spoiler
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